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2. Methodology 
The procedure was modified by Rabotnov[7] using a parameter ߱ ൌ ͳ െ ߮ so that ߱ ൌ Ͳat the start and 
߱ ൌ ͳ at end of life, and the Kachanov-Rabotnov[8] relation for damage accumulation is  
   (1) 
The time tocreep failure, , is given by , β defining the limit of the flow stress at time t and the 
time for “brittle” failure is given by:  
   (2) 
B and k are material constants obtained by curve fitting,  is the initial stress and σ  is the “flow stress”, 
which lies between the yield stress and the ultimate tensile stress, approximated by the stress level in a short 
time creep rupture test.  The time to failure is given by: 
    (3) 
The stress-strain relations for tensile deformation are shown in Figure 1, while Figure 2 shows the 
definitions of ,  and k on the modified Kachanov brittle rupture curve, the loci of and  being 
indicated. 
Other relations illustrated on Figure 2 are: 
β =1− σ /σ( )2 ; d logσ( ) / d log t f( ) = −β / k
   (4) 
The strongest of the characterizing factors is : it defines the limits of at  = 0 at t = 0 and the region 
brittle fracture  on the line of slope . 
From short-time creep-rupture data, , k and  can be determined by curve fitting and the line drawn 
on a plot of log  versus log .  The sensitivity of the method to the procedure of curve fitting, which 
includes a manually chosen value of k,has been discussed previously by Penny [8], and several examples of 
extrapolation using the method have been published. 
 
Fig. 1. Schematic stress-strain-time tensile 
relationships (Penny [8]). 
Fig. 2. The modified Kachanov brittle rupture curve (Penny [8]). 
 
1−ω( ) 1+r( ) =1− B 1+ r( )σ 0kt
t f t f = βtr
tr =1/ Bt f = βtr 1+ r( )σ 0k
σ 0
β =1− σ /σ( )2 ;d logσ( ) / d log t f( ) = −β / k
t f tr β t f tr
β σ ββ →1( ) tr −k−1
σ t t f
σ t f
614   Iain Le May /  Procedia Engineering  55 ( 2013 )  612 – 615 
The procedure outlined allows for life prediction bases on short-time tests and, the extent of damage and 
remaining life can be computed based on operating conditions. 
Remaining life can also be estimated ore directly if the current strain rate can be measured.  In the past this 
was considered impractical but with the development of high sensitivity transducers that can operate at elevated 
temperature the method has become a practical one.  Thus there is a significant potential for its application in 
power plants in which critical areas can be instrumented and have data recording systems in place. 
The term (1- ) from eq. (1) is substituted into the Norton equation for the strain rate dependence on 
stress ( ) in the form:  where p is a material constant relating to microstructural 
damage.  Integrating, 
   (5) 
whereη = 1+ r( ) / 1+ r − p( ) , and substituting eq. (1) in eq. (5), we  obtain 
ε / η ε0t f( ) = η / β( ) 1− 1− βt / t f( )1/ηª¬« º¼»
   (6) 
The term ε0t f( )  can be considered as the Monkman-Grant constant, ε*, however ε0 does not represent the 
minimum creep rate in a test involving primary and secondary creep: it is the initial creep rate upon loading 
with stressσ 0 . 
An alternative derivation of the variation of strain with time was provided by Penny [9].  Considering 
constant volume, 
dLt / Lt = −dAt / At = d 1−ω( ) / 1−ω( )
   (7) 
where L is length and A cross-sectional area, or 1+ε( ) 1−ω( ) =1, where ε  is engineering strain.  From 
e = ln 1+ε( )  where e is true strain, and from the definitions of t f , tr  and eq. (1),  
e = − ln 1− βt / t f( )ª¬ º¼1/ 1+r( ) e = − ln 1− βt / t f( )ª¬ º¼1/ 1+r( )
  (8) 
Differentiating, 
   (9) 
Eq. (9) indicates that remaining life multiplied by true strain rate, e , is a constant for β =1, and for long 
term creep data, β →1. Hence, 
C = e t f − t( ) = etrem C = e t f − t( ) = etrem C = e t f − t( ) = etrem C = e t f − t( ) = etrem
  (10) 
where trem  is the remaining life of the component. 
ω ω
ε = Cσ m ε = Kσ 0m / 1−ω( ) p
ε /ε0tr = η 1− 1− t / tr( )1/ηª¬ º¼
t f / β( ) − tª¬ º¼de / dt =1/ 1+ r( )
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3. Applicability of the Methodology 
The applicability of the procedure has been demonstrated using creep strain data from laboratory testing, and 
Figure 3 illustrates a plot of true strain rate versus time, with experimental data points shown.  The resulting 
plot of time versus the inverse of true strain rate is shown in Figure 4 based on interpolated points. Subsequent 
work is in progress using an instrumented power plant with a data acquisition system.  
 
Fig. 3. True strain rate versus time for 2.25Cr-1Mo steel at 524° C. 
 
Fig. 4. Time versus inverse of true strain rate for 2.25Cr-1Mo steel at 524°C and 120 MPa. 
4. Conclusions 
The application of continuum damage mechanics to the prediction of damage and remaining life in high 
temperature components such as power station steam generators and components is an eminently practical 
approach and supplements other procedures based on the physical assessment of damage by means of 
nondestructive testing and in situ metallographic examinations. The methodology allows prediction of 
remaining life on a continuing basis for an instrumented power plant or similar component operating at 
elevated temperature. 
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